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INTRODUCTION 
Fine-needle aspiration cytology (FNAC) is 

a method used since long along with different 
stereotactic guidance. Endobronchial 
ultrasound guided transbronchial needle 
aspiration (EBUS-TBNA) is a sampling method 
for patients who have enlarged mediastinal or 
hilar lymph nodes/masses, detected on 
computed tomography1-3. Endobronchial 
ultrasound (EBUS) uses ultrasound along with 
bronchoscope to visualize airway wall and 
structures adjacent to it. The clinical application 
and diagnostic benefits of EBUS have been 
recognized and EBUS has been assimilated into 
routine practice in many centers because of its 
high diagnostic informative value and low risk. 
In future it is most likely to replace the invasive 
methods for evaluating mediastinal 
lymphadenopathy, other lesions and also for  
staging lung cancer4-5. Other techniques are 
available for suspected lesions of the 
mediastinum, including standard flexible 
bronchoscopy with blind TBNA, transthoracic 
needle aspiration, mediastinoscopy etc but 
EBUS-TBNA is least invasive, and has good 
diagnostic yield for meditational pathologies7. 
Hilar nodal stations are difficult to access and 
may require thoracoscopy and on occasion a 
thoracotomy. Moreover, these techniques  
cannot be repeatedly applied on the same 
patient8,9. Contrary to this, EBUS-TBNA, when 
combined with EUS (Endoscopic Ultrasound 
Guided), can sample all the key nodal stations 
and also can be performed repetitively6,10,11.  
The start of EBUS-TBNA dates back to early 
1990s6,12. At present throughout Pakistan, 
EBUS-TBNA is being carried out only in a 
couple of centers (pulmonology department, 
military hospital being one of them), hence 

limited local data and information is available 
regarding this procedure. The technology is 
available in two forms: radial EBUS and linear 
EBUS-TBNA probes.  
Radial EBUS 

Radial EBUS has a 20-MHz (12e30 MHz 
available) rotating transducer that can be 
inserted together with or without a guide 
sheath through the working channel (2.0-2.8 
mm) of a standard flexible bronchoscope. 
Radial EBUS transducer probes come in 
different sizes with external diameters of 1.4-2.6 
mm. ‘Central’ probes are utilised with balloon 
sheaths in the proximal airways for either 
bronchial wall assessment or to guide TBNA of 
lymph nodes (Fig-1). Radial EBUS helps to 
evaluate the airway walls, guide TBNA 
(diagnostic yield: 72-86%) and diagnose 
peripheral lung lesions (diagnostic yield: 61-
80%). 
Linear EBUS-TBNA 

The linear EBUS probe has been built into a 
dedicated flexible bronchoscope to enable real-
time TBNA biopsies (Fig-2). This EBUS 
bronchoscope has an external diameter of 6.9 
mm which is larger than a standard flexible 
bronchoscope. Therefore, oral rather than nasal 
intubation is necessary. The endoscopic 
viewing optics is at a 30-degree oblique angle 
and operator compensation is required when 
maneuvering the bronchoscope. Particular 
attention is needed in intubating the trachea 
and often only the anterior apex of the vocal 
cords is visible as the scope enters the subglottic 
space. This bronchoscope has a 2.0-mm 
working channel that can house a dedicated 22 
G biopsy needle. This needle has multiple small 
dimples on its shaft to enhance echogenicity 
and improve visualization on the screen. The 
depth of penetration can be varied from 5 to 40 
mm with a safety lock. After endobronchial 
intubation, the EBUS-TBNA scope is positioned 
at the approximate location of the target lymph 
node or paratrachial tumor. Although there is a 
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balloon that can be filled with sterile water or 
saline to facilitate coupling, but is not always 
needed. Doppler can be used to assist in 
making the distinction between lymph nodes 
and blood vessels. Once the target lymph nodes 
or tumor is identified, TBNA is performed. The 
needle sheath is pushed forward such that it is 
visualized on the endoscopic image before the 
‘jabbing’ technique is used to perform TBNA 
under real-time guidance (Fig-2). Linear EBUS-
TBNA transducers produce real-time TBNA. 
The reported sensitivity of real-time EBUS-
TBNA is 95.08% and the negative predictive 
value was 93.02%. This diagnostic yield is 
superior to cervical mediastinoscopy13,14. 
Visualization of the needle sheath prevents 
inadvertent puncture of the bronchoscope by 
the aspiration needle. Once the TBNA needle is 
within the target, the stylet of the needle is 
agitated to dislodge any airway debris before 
being removed for biopsies to be aspirated. For 
mediastinal staging of non-small cell lung 
cancer, 3 cytology aspirations per lymph node 
station is recommended. If an adequate core 
specimen in obtained, then 2 passes will 
suffice15.  
Lymph node Stations 

Lymphadenopathy can be caused by a 
variety of conditions. The accurate assessment 
of lymph node involvement is a pivotal 
component for both diagnosis and treatment. 
For the past 40 years, clinical and pathological 
extent of lymph node disease/involvement has 
been described using the lymph node maps. 
The key to assessing treatment outcomes, 
planning and analyzing clinical trials and 
deciding therapy for patients requires a 
universally accepted nomenclature that 
describes lymph node involvement in detail16. 
The first lymph node map was developed by 
Naruke (1978)17, during the 1960s, and initially 
it was widely used (Figure-3)15. However 
attempts to improve this map were made by the 
American Thoracic Society (ATS) and resulted 
in the formation of the so-called Mountain-
Dresler modification of the ATS map (MD-ATS) 
(Figure-4)18,19.  
 
 

Significance of EBUS 
Computerized Tomography (CT) scan was 

and remains to be the imaging modality of 
choice for diagnosis and staging of mediastinal 

and lung associated pathologies. However, CT 
has proved fruitless in evaluation of lymph 
node involvement and diagnosis of air wall 
infiltration in case of lung cancer. Positron 
Emission Tomography-CT (PET-CT) to a certain 
extent improved the mediastinal lymph node 
assessment. However, to obtain tissue for 
histopathology or cytopathology, media-

 
Figure-1: Radial EBUS transducer probes. 
Peripheral’ probe that utilizes guide 
sheaths without balloons to locate 
peripheral lung lesions and Central’ probe 
that employs balloon sheaths to assess 
airway walls and identify lymph nodes52. 

 
Figure-2: Linear EBUS TBNA 
bronchoscope with needle protruding 
through guide sheath52. 
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stinoscopy or thoracotomy is needed, that are 
quite invasive procedures requiring general 
anaesthesia. The need for a better imaging 
modality was increasingly felt essential. In the 

late 1980s endoscopic ultrasound (EUS) was 
introduced in gastroenterology. However the 
same could not be used for all mediastinal 
structures due to interference of air, as air 
cannot conduct ultrasound waves. After years 
of dedicated research it was in 1990s that an 
Endobronchial ultrasound system with balloon 
catheter was made commercially accessible as 
Radial probe (RP- EBUS). Initially it was not 
widely accepted and the topic of discussion for 
some time was that whether Endobronchial 
ultrasound is just an expensive toy or a useful 
tool20. In 2002, a new bronchoscope equipped 
with a convex type ultrasound probe on the tip 
was introduced into clinical practice21.  

In the past decade an increasing number of 
researchers found EBUS greatly useful in 
several conditions. The EBUS has become a 
burning topic and is becoming an indispensable 
bronchoscopic tool. With the recent 
introduction of ultrasonic bronchoscope with 
real time guidance for needle aspiration there is 

widespread acceptance of this innovative and 
unique method leading to a new era for 
respiratory physicians22. 

Indications for EBUS-TBNA 
The EBUS-TBNA is useful in several 

clinical settings for the diagnosis of 
intrapulmonary and mediastinal tumors, and 
adenopathies of different etiology, such as 
sarcoidosis, tuberculosis and lymphomas21. 
Various studies have investigated the initial 
diagnostic accuracy of EBUS-TBNA in 
diagnosing both benign and malignant 
lesions23. In some of the conditions the 
diagnostic utility is as follows; 

In Sarcoidosis: The diagnosis of sarcoidosis 
is proven when there is a harmonious 
clinical/radiological picture, together with 
pathological evidence of non caseating 
epithelioid cell granulomata. Sarcoidosis occurs 
worldwide, in all races, with an average 
incidence of 16.5 per 100,000 in men and 19 per 
100,000 in women24.  For the pathological 
diagnosis of sarcoidosis EBUS-TBNA is said to 
be an accurate and harmless method.  In a 

 

Figure-3: The Naruke lymph node map for the 
staging of lung cancers16. 

 
Figure-4: The Mountain-Dresler modification 
of the lymph node map proposed by the 
American Thoracic Society16. 
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study, the EBUS-TBNA was reported as the 
most sensitive procedure for diagnosing 
sarcoidosis and was recommended, to be 
considered first for the histopathological 
diagnosis of stage I and stage II 
sarcoidosis25,26. In another study by Oki et al 
(2012)27 the diagnostic yield of EBUS-TBNA for 
sarcoidosis was found to be higher than that for 
transbronchial lung biopsy. 

In diagnosis of tuberculosis: Tuberculosis 
(TB) remains a global threat with the WHO 
estimating 9.4 million cases worldwide in 2009. 
In the pathogenesis of TB mediastinal and hilar 
lymphadenopathy are well established 
phenomena. In the present period where the 
incidence of drug resistant TB is on the rise, 
obtaining pathological as well as 
microbiological proof to improve the 
management of TB has become mandatory. The 
investigation of suspected cases of intrathoracic 
TB, is greatly aided by means of aspiration of 
the intrathoracic lymph nodes and 
tracheobronchial wall-adjacent lung lesions by 
using endobronchial ultrasound-guided 
transbronchial needle aspiration.  In a study by 
Sun et al (2013)28 the sensitivity, specificity, 
positive and negative predictive values were 
85%, 100%, 100% and 75%, respectively. In 
tuberculous endemic countries like Pakistan, 
material collected by EBUS-TBNA can also be 
sent for gene expert to further aid in the 
diagnosis of TB28. The EBUS-TBNA is a safe and 
effective first-line investigation in patients with 
tuberculous intrathoracic lymphadenopathy29. 
Neoplastic Lesions  

Carcinoma of the lung is without doubt 
most important cause of cancer related deaths 
in industrialized countries. Lungs frequently 
are the site of metastases from cancers arising in 
extra thoracic organs, however, primary lung 
cancer is also common. Roughly 95% of 
primary lung tumors are carcinomas; the 
remaining 5% mainly include neuroendocrine 
tumors, mesenchymal malignancies (e.g., 
fibrosarcomas, leiomyosarcomas), lymphomas, 
and a few benign lesions. Carcinomas of the 
lung is classified into two broad groups 
including, Small cell lung cancer (SCLC) and 
non–small cell lung cancer (NSCLC), with the 

latter including adenocarcinomas, squamous 
and large cell carcinomas. The EBUS TBNA 
helps in real time visualization of the 
mediastinal/hilar masses, accurate 
measurement of their size and aspiration of 
material for TBNA and histopathology6. 

Role of EBUS in staging of non-small cell 
lung cancer (NSCLC): Currently available 
techniques for the initial diagnosis of lung 
cancer include electromagnetic navigation 
bronchoscopy with computed tomography 
mapping and sample collection, endobronchial 
ultrasound (EBUS) using radial or convex probe 
tips, and the combination of the two 
approaches30. In determining the lymph node 
involvement in cases of NSCLC, EBUS-guided 
transbronchial needle aspiration (TBNA) has a 
much better diagnostic yield as compared to 
conventional TBNA in all lymph node stations 
except the subcarinal lymph nodes31. It has the 
ability to visualize the airway wall very 
precisely hence helps to describe the tumor 
component of staging32. It also aids in planning 
endobronchial treatment modalities by giving 
information regarding tumor spread, that is 
whether the tumor has extended into or beyond 
the cartilage or is just limited inside the 
submucosal layers. In combination with 
endoscopic ultrasound-guided fine-needle 
aspiration, it can be used to meticulously 
sample the mediastinal masses33. In a 
prospective study, EBUS proved to be superior 
to CT scan in showing airway involvement by 
lung cancers32. In differentiating external 
compression of airways from actual tumor 
infiltration EBUS has a specificity of 100%, a 
sensitivity of 89%, and an accuracy of 94% 
compared to CT, which is far inferior, with a 
specificity of 28%, a sensitivity of 75%, and an 
accuracy of 51%34. Radial EBUS probes can be 
used in cases of advanced tumors to determine 
the extent and patency of the airways beyond 
the level of stenosis35. Measuring the length of 
stenosis and proximity of any blood vessel to 
the bronchial wall is of immense importance in 
determining the interventional measures. 
Studies reveal that EBUS has guided and 
helped in modification of therapy in 43% of the 
cases undergoing therapeutic bronchoscopy36. 
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Lymphomas 
The diagnostic accuracy of EBUS-TBNA for 

lymphomas is low as compared to staging for 
lung cancer. As the material obtained is small 
for diagnosis and immunohistochemistry 
required for diagnosis of Lymphoma. Still it is 
suggested that in case of isolated lymph node 
this procedure can be attempted as initial tool37. 
In a study by Steinfort & Irving (2010)38, the 
sensitivity, specificity, negative predictive 
value, and diagnostic accuracy of EBUS-
TBNA for the diagnosis of lymphoma were 
calculated as 86.7%, 100%, 96.4%, and 97%, 
respectively. 

Sarcomatous lesions: Spindle cell lesions 
are quite diverse, and show great clinical and 
biological variation. They may be malignant, 
benign or reactive in nature.  The use of EBUS-
TBNA for diagnosis of such lesions is relatively 
limited and a few case reports are available39.    

Role in assessment of mediastinal, 
intrapulmonary and endobronchial lesions: The 
EBUS has made it possible for the physicians to 
visualize, sample and diagnose various 
mediastinal abnormalities40 including 
sarcoidosis41 and mediastinal lymphoma37. 
Based on appearance it can characterize the 
intraparenchymal and endobronchial lesions 
and also help in establishing the likelihood of 
malignancy. Pulmonary nodules which cannot 
be visualized by fluoroscopy are sampled by 
EBUS TBNA, hence preventing the need for 
surgical procedures42. Radial probe EBUS is a 
relatively precise tool in the exploration of 
peripheral pulmonary lesions43. 
Endobronchial Therapy 

The EBUS provides useful supplementary 
information during various interventions 
including resection of endobronchial lesion, 
stricture dilatation, stenting, laser therapy, and 
argon plasma coagulation43. 
Diagnostic Difficulties of EBUS-TBNA  

There are various problems encountered 
by the histopathologist in diagnosing the 
lesions on EBUS TBNA. The presence of 
endobronchial cells is not an uncommon 
finding on TBNA smears. If these cells are there 
in abundance there is a chance that it may mask 

the original pathology. Crushed endobronchial 
cells can also mimic the appearance of 
granulomata therefore making the diagnosis 
very perplexing. Metaplastic cells if present 
may look like atypical cells. Particularly if 
suspecting a metastatic disease in a lymph node 
and such cell groups are mixed with mature 
looking lymphocytes, can give the wrong 
impression of metastatic squamous cell 
carcinoma and can lead to misinterpretation in 
establishing the diagnosis. At times, foci of 
cartilage tissue can also be found while 
traversing the bronchial cartilage. Presence of 
mucin pools is another finding which can 
obscure diagnosis thus making it difficult for 
the cytopathologist / histopathologist in 
making an accurate diagnosis. Hence, it is of 
utmost importance that the cytopathologist 
/histopathologist should have detailed 
knowledge of all the structures through which 
the bronchoscope passes during the TBNA 
procedure. 
Contraindications for EBUS TBNA  

There are several contraindications for 
EBUS-TBNA. Most contraindications are related 
to the potential for tachycardia, bronchospasm, 
or hypoxemia. Absolute contraindications 
include current or recent myocardial ischemia, 
poorly controlled heart failure, and 
exacerbation of asthma or chronic obstructive 
pulmonary disease44. Relative contraindications 
are related to bleeding risk and include anti-
platelet agents and anticoagulant therapy, 
coagulopathy, thrombocytopenia, elevated 
blood urea nitrogen or serum creatinine45. 
Complications 

Endobronchial guided transbronchial 
needle aspiration is well tolerated and as safe as 
conventional bronchoscopy12,31. Pneumo-
mediastinum, pneumothorax and 
haemomediastinum can occur very rarely, but a 
post-procedure chest radiograph is not usually 
needed. Major vessel puncture is less likely 
because of real-time sampling, but is not a 
problem as previously described with aortic 
haematoma after conventional TBNA46. Some 
EBUS-TBNA centers intentionally traverse the 
pulmonary artery for left hilar mass sampling47. 
Infectious complications have rarely been 
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reported, and bacteraemia is usually 
asymptomatic and clinically insignificant37,48. 
Other minor complications of EBUS-TBNA 
include agitation, cough, and blood at the 
puncture site. Studies on EBUS-TBNA of 
peripheral pulmonary nodules with radial 
probe reported moderate bleeding and 
pneumothorax35,44. The main adverse effect is 
damage to the biopsy channel of the 
bronchoscope. This occurs when the sheath of 
the dedicated needle is not outside the biopsy 
channel when the needle is advanced. Recently 
there have been two reports of infection arising 
in cystic structures (bronchogenic cysts or 
thyroid cysts) aspirated by EBUS-TBNA49,50. 
During one pass performed using the 
piggyback technique, the patient coughed 
heavily causing the TBNA needle to break and 
remain lodged in the bronchial wall51.  
CONCLUSION 

The EBUS-TBNA has a wide range of 
applications. It has become an essential part of 
our bronchoscopy technique. It has gained an 
important place in lung cancer staging, often 
replacing mediastinoscopy. After a training 
period of 20–30 cases the technique is suitable 
for all experienced bronchoscopists.  
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